This article compares national approaches toward secondary pharmaceutical patents. Because secondary patents can extend periods of exclusivity and delay generic competition, they can raise prices and reduce access to medicines. Little is known about what measures countries have enacted policies to address applications for secondary pharmaceutical patents, how they function, and whether, in practice, these measures limit secondary patents. We analyze the cases of India and Brazil. We assemble data on pharmaceutical patent applications filed in the two countries, code each application to identify which constitute secondary applications, and examine outcomes for each application in both countries. The data indicate that Brazil is less likely to grant applications than India, but in both countries the measures designed to limit secondary patents are having little direct effect. This suggests, on the one hand, that critics of these policies, such as the transnational pharmaceutical sector and foreign governments, may be more worried than they should be. On the other hand, champions of the policies, such as NGOs and international organizations, may have cause for concern that laws on the books are not having the expected impact on patent outcomes in practice. Our findings also suggest that, at the drug level, the effects of countries' approaches toward secondary patents need to be understood in the context of their broader approaches toward TRIPS implementation, including when and how they introduced pharmaceutical patents in the 1990s and 2000s.
Introduction
Prior to the 1990s many developing countries did not allow pharmaceutical products to be patented. The World Trade Organization's (WTO) Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) changed this scenario. TRIPS requires all countries that are members of the international trade body to grant pharmaceutical patents. Patents provide rights of exclusion, and patented drugs are typically more expensive than drugs with "generic" competition from multiple suppliers. Accordingly, many observers fear that TRIPS will restrict access to medicines.
How TRIPS affects access to medicines will depend, in part, on how countries address "secondary" patents. Secondary pharmaceutical patents refer to new patents on existing drugs.
Examples include alternative structural forms of known molecules, revised formulations and compositions, or new medical uses. Any given medication is likely to be the subject of multiple patents: a "primary" patent covering the base compound, and numerous secondary patents.
Because secondary patents are filed later than primary patents, the grant of these patents can extend periods of exclusivity, increase drug costs, and restrict access to medicines.
The challenges presented by secondary patents are not unique to developing countries. In the US, for example, secondary pharmaceutical patents are often overturned during litigation after patent issuance (Hemphill and Sampat 2012) . In contrast to the ex post approach of clearing secondary patents toward the end of their terms, developing countries are widely advised to adopt "pre-emptive" approaches, to use flexibilities in the TRIPS agreement to minimize the granting of such patents in the first place (Commission on Intellectual Property Rights 2002; Correa 2007; UNAIDS 2011; Matthews and Correa 2011; South Centre 2011) .
Little is known about what sorts of steps countries have taken to address secondary patents, or the effects of such steps. We examine the cases of India and Brazil. In the 1980s and early 1990s these two countries were among the most active opponents to the TRIPS agreement and the requirement to make pharmaceuticals patentable. In terms of their initial compliance with this obligation, India's approach was to delay as long as possible while Brazil introduced pharmaceutical patents earlier. Though the two countries initially reacted differently to TRIPS, in the 2000s both countries introduced pre-emptive mechanisms to limit secondary pharmaceutical patents.
The Indian and Brazilian approaches toward secondary patents have generated significant attention from both detractors and supporters. On the one hand, representatives of the transnational pharmaceutical sector regularly assail both countries for failing to deliver sufficient levels of pharmaceutical patent protection, and the USTR typically repeats these complaints in the annual Special 301 reports on national IP practices.
2 On the other hand, NGOs and international organizations regularly cite these two countries as models for adopting "pro-health" flexibilities in TRIPS. This is particularly true of India: when NGOs and international organizations encourage developing countries to adopt measures to minimize the granting of secondary pharmaceutical patents, they nearly always recommend that countries emulate India's approach (South Centre 2011; UNAIDS 2011) . Despite the attention that these two countries'
pre-emptive mechanisms have generated, however, little is known about their effects.
To analyse how these measures function, we assembled novel data on pharmaceutical patent applications and outcomes. We distinguish between primary and secondary patent applications, and we analyze the examination outcomes and prosecution histories of each application in the two countries. Specifically, we ask how grant rates differ across countries, and how commonly the countries' specific measures to address secondary patents are involved in these outcomes. In most of our analyses a patent application is the unit of analysis. We also present results on what the countries' approaches to pharmaceutical patents mean for one proxy for access to medicines: whether a drug is free from patent protection in a country, and thus open for generic competition.
We find that Brazil has a lower grant rate than India. However, in both countries the measures put in place to address secondary patents appear to have only limited direct roles. This is surprising, in light of the attention that these measures have received, from both critics and supporters, and points to gaps between laws on the books and laws in practice. Among the drugs in our dataset, we also find that India, despite a higher grant rate, still has fewer drugs covered by patents than Brazil. This finding, which reflects earlier policy choices regarding the introduction of pharmaceutical patents in the 1990s, highlights that different aspect of TRIPS implementation interact in shaping drug-level outcomes.
In addition to examining how these pre-emptive mechanisms function, and thus how patent laws on the books relate to patent prosecution in practice, our paper also provides a detailed look at the nuances of TRIPS implementation. This has been neglected in most previous work on intellectual property and development, which tend to treat TRIPS as having uniform implications for developing countries, and ignore details of TRIPS implementation (Ivus 2010; Falvey, Foster, and Greenaway 2006; Falvey, Foster, and Greenaway 2009; Qian 2007) . The effects of TRIPS on outcomes of interest (e.g. innovation, access to medicines) will be affected by how countries create and implement new, TRIPS-compliant patent systems, including policies on secondary patents. Though it is beyond the scope of our paper to make specific predictions on the effects of these policies on innovation and access, we show that TRIPS implementation is significantly different across the two countries, in ways that are likely to matter for the existence and duration of pharmaceutical patent protection.
In section two we examine the significance of incremental innovations to the pharmaceutical industry, the challenges created by secondary patents, and the policy responses available to governments. In section three we provide overviews of the new pharmaceutical patent regimes in Brazil and India, with a special focus on these countries' pre-emptive mechanisms to limit the grant of secondary patents and thus prevent the extension of patent terms. We then turn to the empirical analyses. In section four we describe the data and data collection strategy necessary to address our research question, in section five we present results, and in section six we discuss findings and conclude. Our primary objectives and contributions in this paper are descriptive: we illustrate how these two countries' prominent approaches to secondary pharmaceutical patents function, in practice, by examining patent prosecution outcomes. In the conclusion we also offer some tentative explanations for the outcomes we observe.
Secondary Patenting and Developing Countries
Patents are national, so the same applications are examined in every country where applicants file. Historically, many developing (and developed) countries did not grant patents on pharmaceuticals products (La Croix and Liu 2009 period (Shadlen 2011, 148-149) . In the US, the share of drugs approved by the FDA that include secondary patents has increased sharply since the 1980s (Kapczynski, Park, and Sampat 2012; Hemphill and Sampat 2011; Hunt 2002) .
Taking out multiple patents on different aspects of a drug in order to cordon off competitors is standard practice in the pharmaceutical industry. After all, secondary patents can protect market shares by extending periods of exclusivity beyond the dates in which patent protection would otherwise lapse. Devising patenting strategies to extend periods of protection is 3 Six countries (the United States, Japan, Germany, France, United Kingdom, and Switzerland) account for 77 percent of pharmaceutical patent applications filed worldwide during the 1995 -2006 period (WIPO 2011 . 4 Alternative forms of the same molecules may perform differently in the human body. In addition, once stable and effective molecular forms are found, pharmaceutical innovation also consists of establishing ways to deliver them. Consider that medications are typically consumed in tiny dosages, sometimes as little as five or ten milligrams of the active pharmaceutical ingredient (API). Delivering such miniscule amounts would be exceedingly difficult, if not impossible, were they not combined with a range of additional inert ingredients (excipients). Yet while excipients' role may ultimately be simply to consume space and to facilitate handling, they must be selected and included in the manufacturing process in such a way as to make for a deliverable and consumable medication that retains the desired biological effects of the API. And separate formulations must be undertaken for each dosage and different systems of delivery (e.g. capsules, pills, ointments, syrups, and so on). Finally, often the same molecules affect multiple parts of the body differently; when molecules intended for one therapeutic use turn out to be effective in ways other than intended, additional work is entailed to develop the drug for the "new uses." Each of these steps can generate additional patent applications. As a result, for any given medication it is common to see tens of patents covering the base compound as well as diverse molecular forms, formulations, and uses (Howard 2007; Amin and Kesselheim 2012) . widely acknowledged to be an important part of product "life cycle management."
5 Figure 1 presents a hypothetical example.
Because secondary patents can postpone the entry of low cost-generic competitors and the subsequent reduction in prices, and thus potentially reduce access to medicines, governments have implemented policies to address them (Scherer 2000; Vernaz et al. 2013 ). In the US, for example, evaluation (or, more precisely, re-evaluation) of secondary pharmaceutical patents tends to occur by courts after patents are granted, when questionable patents are litigated.
Validity is essentially determined ex post in the course of litigation rather than ex ante in the course of examination.
Given the complexity of patent examination -and that most patents are associated with drug development efforts that fail -granting patents liberally and allowing interested parties to litigate after they learn which patents are important (e.g. after drug approval) could be a rational way for resource-constrained patent offices to allocate their efforts (Lemley 2001) . 6 However, invalidating patents through litigation is expensive and risky. Litigation also has public good characteristics, in that a challenger solely bears the costs and risks, but if successful the benefits accrue to any generic firm. To address this problem and incentivize patent challenges, in the U.S., for example, the Hatch-Waxman Act of 1984 created a bounty, in the form of a temporary period of shared exclusivity, to the first generic to successfully overturn patent through ex post litigation (Hemphill and Sampat 2011; Hemphill and Sampat 2012 (Amin and Kesselheim 2012) . For all of these reasons, once patents are granted they may be particularly difficult to overturn in developing countries. Thus, rather than relying on post-grant litigation to weed out low quality patents, countries can introduce "preemptive" mechanisms, at the point of examination, to minimize the grant of secondary patents in the first place. 9 7 Our objective here is not to survey the array of responses to the challenges of secondary patents, but rather to use the U.S. as an illustration of an ex post, litigation-based approach. Our sense is that the US system is unique in offering this bounty, though further research on the variety of ex post mechanisms would serve as a useful complement to our analysis. 8 This would be true even if developing countries had bounties for ex post challenges, which (to our knowledge) none do.
9 Drahos (2008) makes a similar point, distinguishing between prevention and cure. According to Drahos, once patents are issued they are hard to remove, even if dubious, so countries may have an interest in adopting more restrictive granting practices.
Under TRIPS, countries are permitted to introduce such pre-emptive mechanisms. The remainder of the paper examines the cases of India and Brazil. In the next section we discuss the different approaches India and Brazil took to implementing TRIPS, both regarding the timing of introducing drug patents and then, specifically, their approaches to restricting secondary patents.
Then, we turn to empirical analysis of grant rates in each country, and the roles of these preemptive mechanisms.
Pharmaceutical Patents and Pre-Emptive Mechanisms in India and Brazil
TRIPS allowed developing countries until 2005 to begin granting pharmaceutical patents. India took full advantage of the available transition period, waiting until 2005 to make pharmaceutical products eligible for patents. Per WTO requirements, applications for pharmaceutical patents could be filed in India beginning in 1995, but these were held in a "mailbox" until 2005, at which point the mailbox was opened and the applications began to be examined by the Indian Patent Office (IPO). Because the country used the full transition period, the mailbox included ten years of patent applications, from January 1995 until the time when pharmaceutical became eligible for patents in 2005.
10 By contrast, Brazil used little of the available transition period and made pharmaceuticals patentable beginning in 1997. In addition to introducing pharmaceutical patents early, Brazil's new patent law included a provision for "pipeline" patents. Pipeline patents recognize, retroactively, patents that had already been granted in other countries.
11
10 The 2005 amendments to the patent act also included a provision that allows any firm that was producing a drug prior to 2005 to continue to do so, even if a patent is later granted, after 2005 when patent examination began. This provision, essentially an automatic compulsory license with a small royalty payment, assured that there would be no retroactivity India.
11 Consider the case of a drug where the a patent is applied for in 1990. In 1990 the patent could not be obtained in Brazil because pharmaceuticals were ineligible, but by 1997, when
The two countries' distinct policy choices made in the 1990s regarding the introduction of pharmaceutical patents set them apart in a pair of important ways. The first regards applications with international priority dates prior to 1995.
12 These are ineligible for patent protection in India, but eligible in Brazil under the pipeline. The second difference regards post-1995 applications that still preceded the introduction of pharmaceutical patents. India accumulated ten years of applications in the mailbox. Brazil received such applications for less than three years: from January 1995 until May 1997, when pharmaceuticals became eligible for patents. After this time, they began to be examined along with all other applications filed during this period.
Both India and Brazil introduced pre-emptive mechanisms to restrict the grant of secondary patents. In India, while introducing the final amendments to the patent act that would allow for pharmaceutical patents, in 2005, the government included a provision, Section 3d, that creates a high barrier for secondary patents. Section 3d stipulates that many secondary patents are not considered as inventions, and thus not eligible for patents, unless the applicants demonstrate that these have greater efficacy:
The following are not inventions within the meaning of this Act… The mere discovery of a new form of a known substance which does not result in the enhancement of the known efficacy of that substance or the mere discovery of any new property or new use for a pharmaceuticals became patentable in Brazil, no patent would be available because by then the invention was no longer new. If in 1997, however, this drug was not yet on the market, but rather was still in development and undergoing clinical trials, i.e. it was in the "pipeline," it could be patented in Brazil for the remainder of the period of the original patent. 12 The international priority date refers to the date a patent application was first filed in any country. According to the Paris Convention, applicants have one year after an initial filing to make subsequent filings in other countries where protection is sought without losing "priority" (that is, inventions that become known over that year cannot be asserted as "prior art" to reject claims in the application).
known substance or the mere use of a known process, machine or apparatus unless such known process results in a new product or employs at least one new reactant. For the purposes of this clause, esters, ethers, polymorphs, metabolites, pure form, particle size, isomers, mixtures of isomers, complexes, combinations, and other derivatives of known substance shall be considered to be the same substance, unless they differ significantly in properties with regard to efficacy.
13
Section 3d, which was explicitly designed as a response to concerns that secondary patents on existing substances would be used to extend market exclusivity and delay generic competition, has gained global attention since its introduction. Most notable was the longstanding conflict between the Indian government and the Swiss pharmaceutical firm Novartis. In 2006 the IPO cited 3d in rejecting an application by Novartis for a patent on an anti-leukemia drug (Glivec). Novartis, in turn, filed a lawsuit challenging the constitutionality of 3d, but the Madras High Court ruled that 3d was constitutional.
14 Novartis also appealed the IPO's decision on the patent itself, and in 2013 the Indian Supreme Court upheld the original rejection.
15
India's new law also included an expansive system of pre-grant opposition that allows a wide array of actors to influence the course of patent prosecution. Civil society organizations and generic firms can submit documents explaining why a given application should not be granted, and these submissions become part of the formal examination proceedings with examiners required to respond to the oppositions raised (Amin 2013; Basheer 2009 ).
Brazil's pre-emptive mechanism, called "Prior Consent," emerged following 2001, when the government reformed the new patent law to change the way that pharmaceutical patent applications were handled. In doing so the government created a shared examination system: pharmaceutical patent applications must be approved by both the National Institute for Industrial Property (INPI) and the Ministry of Health's health surveillance agency (ANVISA) before being granted. 16 In the first step of this system, INPI receives and examines a patent application. If
INPI determines that the patent should not be granted, then it is rejected and the process ends.
However, if INPI determines that the patent should be granted, the application is then passed to Although these India's and Brazil's pre-emptive mechanisms are functionally similar, in that they aim to achieve similar objectives, they exhibit distinct institutional designs. We
16 To be precise, this change was announced in 1999, as part of a provisional measure (presidential decree), but in reality the examination system did not change until 2001, after the patent law was reformed.
17 Note that even when ANVISA consents it may do so only after narrowing some of the patent's claims. 18 The Prior Consent regulations were revised in 2012, with a new workflow introduced in 2013, such that now ANVISA evaluates pharmaceutical patent applications first, prior to INPI. categorize pre-emptive mechanisms according to a typology consisting of three dimensions:
whether they include outright statutory exclusions of some types of secondary patents, whether they involve coordination between patent offices and other government agencies, and whether they include opposition provisions allowing third parties to challenge applications. Considering India and Brazil in terms of this typology illustrates key differences. India's system is based on the restriction of patentable subject matter, in that Section 3d of the Patent Law stipulates that some things do not count as inventions and thus are not eligible for patents unless they demonstrate increased efficacy. By contrast, Prior Consent in Brazil entails application of standard patentability criteria. In India the IPO retains sole responsibility for patent examination.
In Brazil responsibility is shared between INPI and ANVISA. India has a system of pre-grant opposition that invites actors from civil society and industry to challenge patent applications that the IPO is examining and includes these oppositions in the formal patent prosecution process.
Brazil has a pre-grant system but it is less extensive: only "interested" parties are allowed to submit material to the INPI and the patent office is not obligated to address or consider these submissions.
The pre-emptive mechanisms have different political origins too. India's policy was the product of considerable parliamentary deliberation and represents a compromise between actors who wanted a more permissive approach to pharmaceutical patents and actors (particularly the Indian left parties and NGOs) that sought to prohibit all secondary patents.
19 After 2005, 3d was the subject of an expert commission that the government established to review the country's 19 The precise language is said to have originated with the local pharmaceutical sector: according to Sengupta (2013, 45) , "the language for Section 3d was provided by the Indian Drug Manufacturers Association (IDMA)." Gopakumar (2013, 57, note 2) provides an alternative account of the origins of the language, from within the judiciary. approach toward secondary patents (i.e. to determine whether the strategy adopted during the parliamentary sessions of 2005 was the best way forward) and this commission, in turn, confirmed the approach.
20 Section 3d thus can be said to reflect the prevailing constellations of interests at the time of its creation, and it is reflective of successive Indian governments' longstanding position toward pharmaceutical patents. 21 It was also put into place with a precise and universally recognized objective. Like it or dislike it, supporters and critics of 3d know why it is there: to minimize the grant of secondary pharmaceutical patents.
In Brazil, by contrast, Prior Consent was converted into law without parliamentary debate, and marked a rupture with previous policies. Just a few years prior to this, a five-year legislative debate on how Brazil should conform to TRIPS concluded with the introduction of the new patent law with the early and retroactive characteristics described above, hardly one that was oriented toward minimizing pharmaceutical patent rights. 22 Nor, in contrast to 3d, was Prior The Indian Supreme Court ruling in the recent Novartis case goes into detail on the legislative intent. Likewise, the Madras High Court, in its 2009 ruling that 3d was constitutional, also goes into the history and legislative intent.
21 Stretching back to the 1980s, we can consider the Indian position toward pharmaceutical patents in three successive stages. Initially, in the TRIPS negotiations, India sought to prevent the inclusion of an obligation to grant pharmaceutical patents. Then, with TRIPS concluded and pharmaceutical patenting unavoidable, India used the full transition period available and did not allow retroactivity. Lastly, once the transition period expired and India was to begin granting pharmaceutical patents, the policy aims to minimize secondary patents. 22 Prior Consent formed part of a larger set of initiatives by the then-Minister of Health to deal with the escalating price of drugs. ANVISA itself was created at the same time.
approval is required for pharmaceutical patents to be granted, the terms on which ANVISA is supposed to exercise its role and grant or deny its consent are left unstated. ANVISA converted Prior Consent, de facto, into a measure to curb secondary patents by subjecting applications to enhanced scrutiny. To do so, the health agency created its own IP division to undertake this new line of work, which in turn developed its own examination guidelines specifically for secondary patents.
23 Importantly, ANVISA's guidelines were designed to be more restrictive than INPI's (Shadlen 2012; Kunisawa 2009; Basso 2006) .
As discussed, these countries' pre-emptive mechanisms have both gained significant international attention from both detractors and supporters. The transnational pharmaceutical sector complains about 3d (along with pre-grant opposition) and Prior Consent, and foreign governments regularly push for these measures to be removed. At the same time, the pre-emptive mechanisms receive abundant praise from NGOs and international organizations.
24
Despite the attention that these mechanisms have received, positive and negative, there is limited data on how they actually function, and their effects on patent outcomes. The remainder of the paper aims to help to fill that void. Before turning to the empirical analyses, we emphasize that we are not taking a stand on whether these restrictions on secondary patents are desirable.
Instead, we focus on the question of whether countries' policies on secondary patents are having 23 ANVISA is based in the capital city of Brasilia, but its IP division is in Rio de Janeiro, which is where the INPI is located. 24 It is notable that Brazil's pre-emptive mechanism has not received nearly as much attention from NGOs, health activists, and international organizations. Based on this, and the press they receive, Section 3d appears to be viewed as more a boon for those who seek to limit secondary patents than Prior Consent. The differences in attention could reflect many things-including that India is a large supplier of generic drugs for many developing countries, and that the Indian policy was the focus of a major Supreme Court decision in 2013 that captured international headlines. It may also reflect their different origins: that Prior Consent was not explicitly designed for secondary patents, and many observers are not aware of the fact that these two provisions are functionally similar. the effects they intend: whether laws on the books map to outcomes in practice. The issue of whether these restrictions are good or bad from a welfare perspective (e.g. getting the balance between innovation and access "right") are difficult questions, as we will discuss more in the conclusion.
Data
We collected data on all non-injectable new chemical entities approved by the U.S. We then sought to find each of these U.S. patents' corresponding patent applications in Brazil and India. As noted above, locating drug patent applications in developing countries is difficult. This creates challenges not only for potential generic entrants, but also for empirical analyses such as ours. Neither India nor Brazil provides official links between drugs and their patents similar to the U.S. Orange Book (nor do most countries, developing or developed). We thus had to construct patent "landscapes" for each drug. To do so, we relied on two commercial sources. First, we mapped each US patent to its "family" applications in other jurisdictions, based on data from the Derwent World Patent Index. Second, we collected information from IMS Patent Focus, which provides global patent data for "commercially important" pharmaceutical products (including all of the drugs in our sample). Using these sources, we located a total of 373 Brazilian applications for the drugs in our sample, and 197 applications in India.
We then coded each application. Working with a pharmaceutical patent attorney, we read each patent application to classify it by type of claims: chemical compound, polymorph or other crystal form, enantiomer or other isomer, salt/metabolite/intermediate, formulation or composition, method of use, process, other.
26 For expositional clarity, for the analysis below we collapse the categories and focus on differences between "primary" patents (those with any chemical compound claims, what we earlier refer to as "base molecule") and "secondary" patents (all others).
Since our interest is in drug product patents, we dropped a small number of process patents from the dataset. And since pipeline patents are not subject to the same examination procedures, we drop them from the patent application level analysis as well. 27 This left a final sample of 167 patent applications in India (associated with 69 drugs) and 265 applications in Brazil (associated with 100 drugs). The smaller number of applications in India may reflect aspects of TRIPS implementation discussed above, that India introduced pharmaceutical patents much later than Brazil, that it did so without a pipeline, and the uncertainty in the late 1990s about the status of the mailbox in India. It is also possible that firms are more conservative in filing in India than Brazil, filing fewer applications for pharmaceutical patents, in general, or 26 The coding scheme is adapted from Hemphill and Sampat (2011; 27 Pipeline patents in Brazil were not examined, but rather "revalidated." If the patent was granted elsewhere, provided that no product was already being marketed, the patent was issued in Brazil too (with the same claims as granted abroad). Thus, to the extent that pipeline patents are assessed, they are not assessed with regard to novelty and inventiveness but simply to assure that (1) the patent had been issued abroad, and (2) the drug was not on the market (i.e. it was still "in the pipeline"). Of the Brazilian applications in our dataset, 94 (25%) of these are pipeline patents.
filing fewer applications for secondary pharmaceutical patents, more specifically. Since many of these applications were filed before it became clear that India would include Section 3d, we are sceptical of these scenarios, but in any event to guard against selection arising from firms' filing decisions we also analyze paired applications filed in both countries.
We collected information on the outcomes of the patent applications in each country, as of June 2013. For India, we searched the Indian Patent Office's "Application Status" database for each application's status, and aggregated to: granted (indicating the patent application was granted), pending (indicating the application is still being examined) and rejected/abandoned/withdrawn (indicating that application was rejected, abandoned by the applicant, or formally withdrawn). 28 We collapse the last three categories since withdrawals and abandonments themselves could be responses to examiners' requests for information that may suggest a likelihood of rejection (Lemley and Sampat 2008) .
29
In cases where applications are "rejected", we consulted patent prosecution documents (including Controller Decisions, Examination Reports, and Correspondence) on the IPO database to determine the reasons for rejections. We coded each application as to whether 3d was a reason for the rejection, and also whether it was the sole reason for rejection, i.e. whether or not other arguments (e.g. lack of novelty, inventive step) were cited as well. We refer to those with any 3d rejections as applications "Rejected 3d+" and those with pure 3d rejections as "Rejected 3d"
below.
28 Some of the patents coded as rejected are under appeal and may, ultimately, be granted, but the number of these is small. 29 In ongoing work on set of applications for which more detailed data are available, we examine applications that are rejected on the merits separately from applications that are abandoned and withdrawn.
To analyse the other element of India's pre-emptive mechanism, we reviewed the prosecution documents to ascertain whether there was a pre-grant opposition. We supplemented these searches with information from "Controller's Decisions" at the Indian patent office (all oppositions generate a Controller Decision), and the MSF Patent Opposition Database (MSF n.d.). For the applications for which we identified oppositions, we read the text of the oppositions to determine the grounds on which oppositions were filed (3d or other grounds).
For Brazil, we searched the INPI database for each of the applications. The INPI website provides data on each transaction that occurs during the course of examination, which we used to determine whether applications were granted, pending, or rejected (including withdrawn and abandoned, for the same reasons noted above). We also consulted an ANVISA document that indicates the actions that the health agency has taken on each application it has received. 30 Using data from these two sources we determined whether Brazilian patent applications were granted, pending, or rejected, and ANVISA's role. For granted applications, we also obtained data from ANVISA on whether, during the course of review, the patent had specific claims narrowed or eliminated. For rejected applications, we determined whether the application was rejected by INPI alone, in which case it would not have been forwarded to ANVISA, or whether ANVISA was involved. We coded two types of ANVISA involvement associated with rejections: whether it did not consent to a grant and the INPI subsequently rejected the application, or whether ANVISA raised questions of INPI's initial evaluation that resulted in the patent office reversing its preliminary approval and rejecting the application. In both instances we code these as PC (Prior Consent) Reject. We also created a category "Frozen" for applications where ANVISA denied Prior Consent but were not acted upon by the patent office. INPI is prohibited from granting these patents, but has been reluctant to reject patents that it believes ought to be granted on the basis of the health agency's review.
We The figures also illustrate the use of pre-emptive mechanisms. Again focusing on final disposals, in India while 17 percent of the applications were rejected on grounds including 3d, just 3 percent of the applications were rejected solely on 3d grounds. In Brazil, three quarters of 31 Recall that the applications in our dataset constitute only a small portion of the total number of pharmaceutical applications received. 32 To repeat, not all of these are formally rejected by the patent offices, as we count abandoned and withdrawn applications in the category of "reject." applications were rejected by INPI alone, without being viewed by ANVISA, with only 4 percent rejected on account of Prior Consent. 33 Given our expansive characterization of this categoryany application that ANVISA looked at that ended up rejected or that was abandoned or withdrawn by the applicant is coded as a prior consent rejection, regardless of whether ANVISA specifically recommended rejection or merely requested additional information -the minimal direct role that the pre-emptive mechanism appears to be playing in a country with a low grant rate is striking. The data suggest a limited role for the pre-emptive mechanisms: in both countries fewer than 5 percent of applications were rejected directly on account of the pre-emptive mechanism alone. 34 However, as we shall discuss below, the interpretation and significance of the low share is different for the two countries.
The other aspect of India's pre-emptive mechanism we examine is pre-grant opposition.
Roughly one-fifth of the Indian applications, 39 of the 167, had a pre-grant opposition. 35 Of these oppositions, the vast majority (30 of 39) included some 3d based argument. No oppositions cited 3d alone. We also found that applications with pre-grant oppositions are much less likely to be granted. The biggest source of this difference is that applications with pre-grant oppositions are much more likely to be rejected on "3d plus" grounds. These results point to the importance of pre-grant oppositions in enabling 3d. Of the eighteen rejections involving 3d, fifteen involved pre-grant oppositions. 33 If we include the "frozen" applications, 6 percent of the applications were not granted on account of ANVISA's intervention. 34 We address the question of indirect effects below.
We also distinguished by type of applications. Figure 3 shows outcomes by whether the patent application is a secondary application, which the pre-emptive mechanisms aim to restrict, or a primary application. All else being equal, we would expect secondary applications to be rejected more than primary applications. After all, even in the absence of special institutions to address particular types of applications, applications for chemical compounds are more likely to satisfy criteria of being novel and inventive. In India, the number of primary applications is small, and many of these are pending, leaving only nine with final disposals. Though the findings should be interpreted with caution given this small number, we note that, among applications with final disposals, secondary patents have a higher grant rate. This is surprising: if India's preemptive mechanisms were specifically targeting secondary applications, we would expect such applications to be more likely to be rejected. In Brazil the rejection rate for secondary applications is higher than primary applications, which is what we would expect. Yet, as we shall see, the sources of the rejections in Brazil suggest the story is more complex. These observations prompt us to look more carefully at how pre-emptive mechanisms are operating with regard to secondary applications.
The lower bars in Figure 3 show that in India, where secondary applications were rejected, the role of 3d was small. Focusing on the applications with final disposals, 35 percent of secondary applications were rejected by the IPO without involving 3d directly, 12 percent were rejected on grounds including 3d, but only 2 percent were rejected by 3d alone.
The data suggest that either alone or in combination with other grounds, 3(d) is involved in a minority of rejections. One caveat is that it is possible that 3d is having an indirect effect.
Explicit prohibitions on some forms of secondary patents in Section 3d may deter some applications that would potentially be rejected on 3d grounds from being filed in the first place.
Also, more than half the of the secondary applications we count as "rejected" were withdrawn; it is possible that applications may be withdrawn because of 3d-inspired opposition, or threat of such opposition. Also, and perhaps most speculatively, the existence of 3d may alter the entire pharmaceutical patent examination process. After all, the same people -pharmaceutical patent examiners and patent office controllers -are responsible for applying different elements of the law and evaluating applications according to different criteria of patentability. The existence of 3d may make examiners more attuned to and sensitive of other aspects of patent law. For example, some of the non-3d grounds in that are cited in "3d-plus" rejections may not have been noticed or cited if not for 3d making the examination process more rigorous in the first place.
But, the share of 3d-plus rejections is not that large either. In sum, these qualifications notwithstanding, the data suggest that 3d's effects on outcomes for secondary patents are not as strong as depicted by either its critics or supporters.
What about Brazil? Above we noted that secondary patent rejection rates were comparatively high in Brazil. However, Figure 3 shows that Prior Consent is not directly However, once ANVISA gets an application, it does shape outcomes on a significant share. Of the fifty applications that ANVISA reviewed, thirty-seven received ANVISA's consent
and were granted, nine ended up rejected (either after being denied consent by ANVISA or after being subjected to ANVISA's questions), and four were denied consent by ANVISA and subsequently frozen. Thus ANVISA directly affected outcomes on roughly a quarter of the applications it reviewed.
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The comparisons to here suggest that India is more liberal in granting secondary patents than Brazil. One problem with this reading is the possibility of selection: if secondary patents filed in India were disproportionately of higher quality than those in Brazil, we could see these differences even if India were no more lax (or even more stringent) than Brazil.
We address such concerns, and thus test the robustness of our findings, by comparing examination outcomes of paired applications. To do so we collected priority data for each application in our sample. The availability of priority data is a by-product of the 1883 Paris Convention (EPO 2014). As discussed above (see earlier footnote), inventors have twelve months from filing in one country to file in another, without losing "priority." To record this, patent applications list priority application numbers, i.e. the first application anywhere in the world by the same inventors that claimed the same material as a given national application. We can thus look at equivalent applications across the countries, those sharing exactly the same priority (EPO 2014). Examining outcomes for these twin applications allows us to control for unobserved heterogeneity in the applications examined in each country.
We collected priority information on Brazilian patents from the World Intellectual Property Organization (WIPO's) Patentscope database. It was more difficult to collect Indian priority data, since the Indian patent database reports priority information haphazardly, and 36 Furthermore, even among those applications that received ANVISA's consent and were granted, in some cases ANVISA insisted on narrowing the claims. international databases have less complete coverage of India and often reproduce mistakes from the Indian database. 37 We focused on the subset of applications where both Indian and Brazilian information was available and we observed a clean one-to-one match between the two countries. We were able to locate 53 "twin" applications this way. We dropped three paired applications where our codings across the two cases did not match. 38 Since our objective here is to examine the robustness of the cross-country results on secondary patents, we also dropped three paired applications for primary patents. We thus limit these analyses to the 47 pairs of twin secondary applications with consistent coding across the two countries. Figure 4 shows outcomes for the 47 twin secondary applications in Brazil and India. Here too, we see a much lower grant rate for secondary patents in Brazil than in India. Figure 5 illustrates the joint distribution of outcomes. In this heatmap, more intense shades of grey indicate more applications in a dyad. There are few 3d rejections and no prior consent rejections in this matched set, again providing evidence of the low incidence of these mechanisms overall.
The modal outcome for this set of secondary patent applications is that Brazil rejected them (without ANVISA's direct involvement) and India granted them. Of applications rejected in Brazil, none of which involved ANVISA directly, forty percent (10/25) were granted in India. In contrast, of applications that we code as rejected in India (n=13), ten were rejected and one granted in Brazil (with two pending). In short, applications that are rejected in Brazil are 37 An additional difficulty was presented by the quantity of "divisional" applications in India, where specific priority applications are broken into pieces yielding many Indian applications for a given Brazilian one. 38 Our coding of whether primary or secondary matched in over 95 percent of the cases.
commonly granted in India, while applications that are not granted in India are ordinarily not granted in Brazil either.
The paired analyses, though based on a small subset of our data, are robust to the concerns about selection discussed above. Importantly, what we observe in the twin application
is consistent with what we observe in the overall sample. The overwhelming impression from our data is that Brazil is more restrictive regarding the grant of secondary patents, and that in both countries the controversial pre-emptive mechanisms play less direct roles than expected.
Our focus to this point has been at the level of patents, as our overriding objective is to analyze the impact of the two countries' pre-emptive mechanisms on patent prosecution
outcomes. We can also analyze the data at the level of drugs, examining how the pre-emptive mechanisms affected the existence and extent of patent protection on particular pharmaceutical products. To undertake these analyses we aggregated to the drug level, looking at all the applications for each drug in our sample. Table 1 shows the distribution of patents and outcomes for each drug, for both India and Brazil.
As we noted above, of the 159 drugs, 69 had one or more Indian patent applications. Of these, 40 had at least one granted patent. To assess the role that India's pre-emptive mechanism has at the drug level, we examined each of the 29 drugs without patents to determine the role of 3d in keeping them patent-free. Of these drugs, about one-third (11) had applications rejected at least partially on 3d grounds that, if granted, would still be in force as of 2013. For example, Novartis's Glivec is one of the drugs that is available as generic because of a rejection involving 3d. However, all of these rejections were based on 3d and other grounds; none were pure-3d
rejections. Interestingly, each of the three drugs that had an application rejected on pure-3d grounds also had at least one other patent granted. Pure 3d rejections do not appear to have had a role in whether drugs are currently under patent in India. But for these three drugs such rejections may influence the duration of exclusivity (i.e. the amount of time before all patents expire and generic competition is possible).
What about 3d in conjunction with pre-grant opposition? In the patent-level analyses we found that these two dimensions of India's pre-emptive system tend to be tightly coupled, in the sense that applications rejected on 3d grounds were nearly always opposed pre-grant (15 of 18).
This interaction carries over to the drug-level analyses too. Of the eleven patent-free drugs with 3d rejections, in ten of these cases the rejected application was also the target of a pre-grant opposition.
For Brazil, we noted above that 100 of the drugs in our sample had at least one Brazilian application. This figure excluded pipeline patents, however, and to understand the effects of ANVISA on whether drugs have protection in Brazil we need to consider pipeline patents too.
Altogether 125 drugs had either a pipeline patent or other patent application. Among these 125, twenty-nine drugs were free of patent protection (pipeline or non-pipeline). Of these twenty-nine, ANVISA denied consent for only three drugs. 39 Seven of the 96 drugs with at least one (pipeline or other) patent had another application rejected because of ANVISA denying prior consent. 40 In these cases ANVISA's interventions did not make the drugs patent-free, though they prevented additional, term-extending patents from being granted on these drugs. Like 3d, the Prior Consent mechanism appears to be more important for influencing the length of patent terms than whether or not drugs have patents.
Discussion and conclusions
On the basis of our data, India's pre-emptive mechanism appears to be less important than one would expect. Secondary patent applications have a low rejection rate in India, and 3d rejections, especially pure 3d ones, are rare. We do see some evidence that pre-grant opposition helps enable 3d, but even with opposition, pure 3d rejections are rare. We have considered alternative interpretations of the data and alternative approaches to assessing the direct vs. indirect effects of 3d, but the takeaway from the analysis here is that we see a relatively small role for 3d for restricting secondary patents, despite all the attention it has generated.
This finding is puzzling given the political origins and trajectory of India's pre-emptive mechanisms. Why would a system that was created with a clear objective, and that has since been affirmed by a high-level government commission and defended by the Indian courts, tend to be under-utilized? While providing full explanations of institutional performance is beyond the scope of this paper, we suggest three possibilities. A first is that, for all of the clarity of the intent of 3d to minimize secondary patents, the terms of the law itself, and thus the guidance provided to examiners, were ambiguous. This is particularly so with regard to what is meant by "increased efficacy." Even where applications are deemed to be derivative of existing substances and thus fall within the remit of Section 3d, these are still patentable provided the applicants demonstrate increased efficacy. How the IPO is meant to make such judgments, against what benchmark examiners are to determine whether a claimed product satisfied this requirement, are complex and unresolved issues (Basheer and Reddy 2008) . 41 A second relates to the heavy reliance of 3d on pre-grant opposition. As noted above oppositions play an important contributory role in rejections (3d and otherwise) in India. But oppositions are public goods and subject to coordination problems among and between civil society groups and generic firms. A third possibility is that the results reflect insufficient resources to enforce Section 3d. The IPO operates under severe resource constraints. Over-stretched examiners facing pressures to clear applications (Kapczynski 2009 ) may result in the patent office not being able to examine patents -and subject them to 3d tests -with sufficient robustness to block patents that perhaps should not be granted. It is also possible that, in this context, IPO examiners have incentives to mimic decisions of the US and/or Europe, limiting the impact of 3d (Kapczynski 2009; Sampat and Amin 2013; Drahos 2010) . A final scenario is that many secondary patents are in fact granted because they meet the efficacy standard. While we have not collected data on this, we believe that difficulties inherent to making efficacy assessments suggest this cannot be major part of the explanation, but this is something we are exploring in ongoing research.
Though Brazil appears to be more successful in terms of restricting secondary patents, ANVISA has a limited direct role. A striking feature of Brazilian prosecution is the high share of patents that are rejected (including abandoned and withdrawn) without ever leaving INPI and being passed to ANVISA. As indicated, this finding could reflect an indirect effect of the Prior Consent system: the anticipation of a second level of review provided by ANVISA may lead examiners to be more rigorous in their appraisal of applications, knowing that any grants of low quality patents could be overturned by ANVISA.
terms of therapeutic efficacy (in contrast to other, perhaps physical, properties of a drug), it is too early to see effects of this ruling on patent prosecution more generally.
Interestingly, the Prior Consent system has been the subject of extensive conflict in Brazil. Though controversy over Prior Consent is surprising if we compare ANVISA activity to outcomes overall, it is understandable if we focus on outcomes conditional on ANVISA review.
As noted above, a quarter of the applications that INPI wanted to approve were held up by ANVISA. We have also seen that ANIVSA tends to be less likely to approve applications that correspond to drugs that also have pipeline patents. As such drugs are already on the market and providing revenue streams to the patent-holding firms, the material effects of ANVISA's actions here are likely to be felt more immediately than the case of denials of patents for products that are in earlier stages of development. ANVISA's involvement thus may have notable effects onand elicit strong hostility from -patent-holding pharmaceutical firms.
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Our analysis has several limitations. One issue is timing. In India, all of our data focus on drugs before the courts clarified the meaning of 3d, and it is possible that this provision will have more of a role in the future. In Brazil, the patent office reportedly became more permissive after 2006, under the direction of a new INPI President, introducing new examination guidelines for second use applications and polymorphs that would make secondary patents easier to obtain (Shadlen 2011 ). Yet all of the post-2006 applications in our sample are pending. 43 Thus, it is possible that our analysis focuses on a particular period when the IPO was unable to apply 3d
forcefully, and when INPI had more rigorous practices.
Another issue is comparability across the countries. We examined "twin" applications to ensure that our results did not reflect selection of applications filed in each country, and found 42 Shadlen (2011) also discusses the ambivalent position of the domestic pharmaceutical sector in Brazil. 43 Given that our database is based drugs authorized by the FDA prior to 2004, any application attached to one of these drugs filed in 2006 or beyond would by certainty be for a secondary application. our results were robust to doing so. However, for the reasons we noted we were not able to reliably pair up all applications. Going forward, we are repeating the analyses by selecting on twin applications -international applications filed in many jurisdictions, including Brazil and India -and comparing outcomes. This will also allow us to see how other idiosyncratic features of the dataset used in this paper may affects results. The analyses in this paper are based on a dataset in which all of the applications were granted by the USPTO and all are attached to drugs that survived the full product development phase and were approved by the FDA. These characteristics have strengths, in that we are only looking at important applications that pharmaceutical firms will want to pursue. The dataset thus provides a window to examine how countries deal with important applications. But these characteristics of the dataset present weaknesses too, particularly that the applications we study here are not representative of the universe of applications India and Brazil have received. Also, because the applications in our dataset are older, and older applications tend to have less complete coverage in the proprietary databases that we use to find national application numbers, we run a higher risk of missing applications at the national level.
Although the limitations posed by the dataset in this paper caution against making broad assessments of the relative effectiveness of these two countries' approaches toward secondary applications, the results so far indicate that in both countries the controversial provisions on the books are having relatively small direct impacts in practice. This suggests that critics of these policies (such as the pharmaceutical sector and USTR) may be more worried about them than they should be. At the same time, champions of the policies may have cause for concern that laws on the books are not having a strong impact on patent outcomes in practice. While the sources of these gaps are the focus of ongoing research, their presence highlights the importance of looking at actual patent prosecution outcomes in assessing the effects of TRIPS and policies to restrict secondary patens. Differences across the countries in grant rates of secondary patents, even if not direct results of 3d and Prior Consent, are large, with important implications for the extent of patent protection on drugs and when generic entry will be possible.
The results also suggest that other nuances of TRIPS implementation matter: the policy decisions made in the 1990s about transition periods and pipeline patents continue to have important effects on drug-level outcomes. We see this by blending the patent-level and druglevel analyses. At the patent level, we have seen that Brazil has a significantly lower grant rate than India, overall and specifically with regard to secondary patents. At the drug level, however, the overall extent of patent protection is considerably greater in Brazil on account of this country's provision of pipeline patents (of the 96 drugs in our dataset with patents in Brazil, more than half of these drugs are protected only by pipeline patents). One interpretation of these findings is that, in terms of the existence of patents on drugs, the effects of both countries' preemptive mechanisms may be outweighed by the lingering effects of the original TRIPS implementation decisions taken in the 1990s with regard to the introduction of pharmaceutical patents. India used the full transition period and thus has fewer of the drugs in our sample under patent, even if the pre-emptive mechanisms themselves seem to have had less incidence than expected. Brazil used little of the transition period and granted patents retroactively through the pipeline, and thus more of the drugs in our sample are under patent, even if the country appears to have more restrictive examination practices. That the countries are still feeling the impact of the policy choices made in the 1990s regarding transition periods and retroactivity is not surprising, as these were major decisions whose significance was understood at the time. Yet this also suggests that the importance of the pre-emptive mechanisms will increase in the future.
After all, as each year goes by the 2005 transition period in India recedes further into the past, and at some point (by 2017, roughly) all the pipeline patents in Brazil will have expired. As the direct effects of the policy choices made in the 1990s diminish, the countries' approaches toward pharmaceutical patent examination, including their pre-emptive mechanisms, will gain greater responsibility for the extent of pharmaceutical patents and the availability of generic drugs.
Finally, we have not taken a stand on whether secondary patents are good or bad from a social welfare perspective. The assessment of the effects of drug patents in developing countries on innovation incentives is difficult (Sweet and Eterovic Maggio 2015; Kyle and McGahan 2012; Qian 2007; Arora, Branstetter, and Chatterjee 2008) as is the assessment of the effects of secondary patents on the rate and direction of innovation (Hemphill and Sampat 2012) . Even whether incremental innovations are valuable is the subject of much debate (Berndt, Cockburn, and Grépin 2006) debate. Similarly, assessing the effects of secondary patents on access is complicated. Secondary patents clearly can delay the timing of first possible generic entry, but the extent to which they actually affect access to medicines will interact with other practices (e.g. marketing, extent of price discrimination), policies (e.g. compulsory licensing, national health insurance) and other factors beyond patents (e.g. strength of health systems, national budgets).
We cannot resolve these important issues here. Instead we have focused on how policies that aim to restrict secondary patenting function in practice.
Nonetheless, our analysis has broader implications. Though there are different perspectives on the direction and magnitude of their effects, there is widespread belief that patents in developing countries matter for innovation and/or access. If that is true, national differences about TRIPS implementation, including policies and practices regarding the granting of secondary patents, are relevant to future theorizing and empirical work on patents and development. In particular, if there are gaps between patent laws on the books and how patent prosecution works in practice -as our sample appears to show for India and Brazil -the common approach of characterizing countries' patent systems based on statutory and treaty provisions could yield misleading impressions (Liu and La Croix 2015; Morin and Gold 2014; Park 2008) . We hope that the approach introduced here, based on tracing of actual patent prosecution outcomes, can contribute to a more nuanced understanding of the effects of TRIPS among both scholars and practitioners. This table shows the distribution of drug level outcomes for drugs in our sample that had a patent application in India and/or Brazil. The columns "Brazil" and "India" indicate outcomes for each patent application on a drug. In Brazil, "PIP" indicates a pipeline application, "GRA" a granted application, "INR" an application rejected by INPI, "PCR" an application rejected via Prior Consent, "FRO" a frozen application, and "PEN" a pending application. In India, "GRA" and "PEN" represent granted and pending applications, "REJ" those rejected without 3d, "R3D" pure 3d rejections, and "R3+" applications rejected on 3d and other grounds. The "Patented" columns indicate whether a drug has any patent protection (including pipeline patents for Brazil), and the "Preemptive" columns indicate whether a pre-emptive mechanism led to a rejection of one or more patents associated with a drug. In India, an "O" in the pre-emptive column indicates one or more applications on the drug drew pre-grant opposition. Consider a firm that applied for a patent on a new molecule XYZ for treating diabetes in 1994. Through subsequent research the firm discovered that an alternative form of the molecule, XYZ*, would work better and applied for a patent on XYZ* in 2000. In 2003, after completing clinical trials, the firm received authorization from health authorities to place a drug based on XYZ* on the market. The patent on the base molecule XYZ expires in 2014, while the patent for the alternative form XYZ*, if granted, would not expire until 2020. How countries treat these applications has important implications. Any country that grants the XYZ* application will be extending the drug's period of market exclusivity for six years beyond 2014. This could affect prices, the government health budgets, and access to medicines. 
